Radon-222 is a naturally occurring radioactive gas that may be dissolved in water. Radon-222 concentrations in water from Idaho wells and springs are needed by Federal, State, and local agencies to characterize its distribution and to identify the lifetime risks related to exposure. The U.S. Environmental Protection Agency (EPA) estimated that between 2,000 and 40,000 excess lung cancer fatalities in the United States during any 70-year period (an average human life span) result from radon-222 released from public water supplies (Cothem, 1987) . The average concentration of radon-222 in public water supplies in the United States generates a lifetime risk of death from lung cancer of 1 in 10,000, a risk larger than that generated by any contaminant currently regulated by the Safe Drinking Water Act. The EPA has proposed a maximum contaminant level of 300 pCi/L (picocuries per liter) for radon-222 dissolved in drinking water from public supply systems (EPA, 1991) .
Purpose and Scope
The purpose of this report is to present the results of analyses for that fraction of radon-222 dissolved in water collected from 338 wells and springs in Idaho during 1989-91 by the U.S. Geological Survey (USGS). The work was done in cooperation with the Idaho Department of Water Resources and the U.S. Department of Energy as part of ongoing water-quality monitoring programs throughout the State and in the vicinity of the Idaho National Engineering Laboratory.
Radon-222, traditionally called radon, is in the uranium-238 decay series ( fig. 1 ) and has a halflife of 3.82 days; the half-life is the time necessary for one half of the atoms to radioactively decay. Radon isotopes with shorter half-lives include radon-220 (thoron) with a half-life of 55 seconds and radon-219 (actinon) with a half-life of The concentrations presented in this report are for dissolved radon-222 as this is the only isotope of environmental concern due to its relatively long half-life as compared to radon-220 and radon-219.
Well-And Spring-Numbering System
The well and spring identifier (table 1) used by the USGS in Idaho indicates the location of wells or springs within the official rectangular subdivision of public lands, with reference to the Boise Base Line and Meridian. The first two segments of the number designate the township (T) north or south and range (R) east or west The third segment gives the section number; four letters, which indicate the 1/4 section (160-acre tract), 1/4-1/4 section (40 acre tract), 1/4-1/4-1/4 section (10 acre tract), 1/4-1/4-1/4-1/4 section (2 1/2-acre tract); and serial number of the well or spring within the tract.
Quarter sections are designated by the letters A, B, C, and D in counterclockwise order from the northeast quarter of each section. Forty-acre, 10-acre, and 2 1/2-acre tracts within each quarter section are lettered in the same manner. Well 5N-2E-29BCC1 ( fig. 2 ) is in the southwest quarter of the southwest quarter of the northwest quarter of Section 29, T. 5 N., R. 2 E.; and was the first well inventoried in that tract. Springs are designated by the letter "S" following the last number.
The USGS identification number used on table 1 consists of 15 digits and is unique to each site. Additionally, several springs listed on table 1 have an 8-digit downstream order number for identification rather than the 15-digit identification number. The 8-digit number is utilized for springs that discharge to rivers or streams and that are routinely sampled by the USGS. The 8-digit numbers for these springs, such as 13117391, include a 2-digit part number "13" plus a 6-digit downstream order number "117391".
Methods And Quality Assurance
The methodology used to collect water samples from wells and springs for radon analyses generally followed guidelines established by the USGS (Wood, 1981; Claassen, 1982; and Cecil and Gesell, 1992) . Equipment used to collect water from wells included a short, flexible piece of tubing inserted into a 1,000-mL beaker, a 20-mL glass or polyethylene hypodermic syringe with an 18-gage stainless steel hypodermic needle, and two glass scintillation vials per sampling site with 10 mL of mineral-oil based liquid-scintillation solution in each. The liquid-scintillation solution was obtained from the New England Nuclear Corporation. To collect water samples from domestic wells, the tube was attached to a faucet between the wellhead and the storage tank, if present. To collect samples from wellheads that did not have dedicated pumps, a peristaltic or submersible pump was used to supply an uncontaminated, full-column flow to the beaker. A steady stream was allowed to flow out of the beaker for 2 to 3 minutes to purge the beaker and tube and assure a fresh sample. The flow was adjusted to minimize turbulence and to allow excess water to gently spill over the edge of the beaker (EPA, 1978) . Water samples from wells were collected by placing the tip of the hypodermic needle about 1 inch below the surface of the water in the beaker. Equipment used to collect water samples from springs included a syringe and needle, and two glass scintillation vials per site. Water samples from springs were collected by placing the needle below the water surface of the spring as close as reasonably possible to the spring orifice. For each water sample collected, the syringe and hypodermic needle first were rinsed three times by withdrawing a few milliliters of water into the syringe and ejecting it away from the spring.
Twelve to 15 mL of water then were withdrawn slowly from the beaker or spring to avoid developing a vacuum in the syringe. Rapid withdrawal of the water sample could have reduced the air pressure, and drawn radon and other dissolved gasses out of solution. The syringe then was pointed upward and any air bubbles and excess water were ejected slowly until 10 mL of water remained in the syringe. The sample then was ready for transfer to the glass scintillation vial.
The tip of the needle was placed carefully at the bottom of the liquid-scintillation solution in the vial. The water was ejected slowly from the syringe into the vial without causing any turbulence or air bubbles that may have resulted in the loss of radon. The needle was removed from the vial and the cap was tightened securely to prevent leakage. The vial then was shaken vigorously to promote the movement of the radon gas from the water into the liquid-scintillation solution. A small piece of tape was placed on the cap of the vial and the site identification number, sample number, and collection time (date, hour, and minute) were written on the tape. Tape was not placed on the wall of the collection vial and the walls were not marked in any way because this would have interfered with the laboratory analysis.
This procedure was repeated to obtain two separate samples from each well or spring for quality assurance. Collection of sequential samples provided a means of checking analytical reproducibility and monitoring possible radon leakage from a vial. The two vials were placed in a small, foam-packed cardboard box and sent by overnight delivery to the USGS National Water Quality Laboratory in Arvada, Colorado. The concentration reported for dissolved radon for a given sampling site is an average of the concentration in the two vials except in those instances where a vial leaked or broke during shipment.
Water-sample analysis was by direct liquidscintillation counting (Pritchard and Gesell, 1977) . Each vial, with a 10-mL water sample and 10 mL of the liquid-scintillation solution, was shaken in the laboratory to mix the fluids. After a 3-hour waiting period, the radioactivity was measured using a commercial liquid-scintillation counter. The measurement of radioactivity for each sample was then converted to a radon-222 concentration and decay corrected to the time of sample collection. The analytical method detection limit is about 80 pCi/L for a 10-mL water sample.
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CONCENTRATIONS OF DISSOLVED RADON-222
Water samples were collected from 338 Idaho wells and springs during 1989-91 for radon-222 analyses. Concentrations of dissolved radon-222 are presented in table 1 (at back of report). Locations of wells and springs sampled for radon are shown on figures 3-9 (at back of report). Concentrations are presented as an analytical result with an analytical uncertainty as two sample standard deviations (2s), for example, 132±33 pCi/L. The last two columns in table 1 present an average concentration and calculated experimental standard error for each pair of water samples. Only paired observations were used for the descriptive statistics. If more than one pair of samples were taken on a given day for a site, only the first sample pair taken that day was used for the statistics. Negative radon-222 concentrations occurred if the radioactivity (due to radon-222) in a water sample was less than the background radioactivity or the radioactivity of the prepared blank sample in the laboratory. The associated uncertainty presented with the overall mean concentration of the 372 pairs of water samples used for statistics was a calculated experimental standard error and was an estimate of the uncertainty of the mean concentration (Iman and COnover, 1983, p. 158) . The average concentations of dissolved radon-222 in the 372 pairs of water samples ranged from -58± 30 to 5,715±66 pCi/L; the mean and median concentrations were 446±35 and 242125 pCi/L, respectively. 
